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Many  coun tries  tightly  man age  and  mon i tor  var i ous  ra dio log i cal  sources  and  fa cil i ties,  yet
some  se ri ous  ra dio log i cal  di sas ters  still  oc curred  in  re cent  de cades.  In  or der  to  reach  ef fec tive
re lief work on ra dio log i cal di sas ter sites, nu mer ous in for ma tion tech niques have be come pop -
u lar,  i.  e.  global  po si tion ing  sys tem,  geo graph ical  in for ma tion  sys tem,  com puter  sim u la tion,
and  three-di men sional  graphics. How ever, this  study  rec og nizes  in suf fi cient  in for ma tion ser -
vice  in  global  po si tion ing  sys tem  and  geo graph ical  in for ma tion  sys tem  and  in con ve nient  in -
for ma tion  op er a tion  in  com puter  sim u la tion  and  three-di men sional  graphics.  There fore,  this
study adopts aug  mented-re  al  ity and mo  bile three-di  men  sional graphics tech  niques to con  -
struct a mo bile re lief work sys tem. This sys tem helps re lief work ers to com pre hend the spa tial
re la tion ship  among  their  lo cal i ties,  the  tar geted  con struc tions,  and  the  an tic i pated  shel ters.
Based on the test  ing re  sults re  gard  ing es  cap  ing vic  tims, through the mo  bile re  lief work sys  -
tem in con  trast to a Google maps-based sys  tem, re  lief work  ers more eas  ily ar  rive at the tar  -
geted con  struc  tions, and more rap  idly seek the an  tic  i  pated shel  ters. In sum, this study is use  -
ful  for  sim i lar  ap pli ca tions  in  di sas ter  man age ment.
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IN TRO DUC TION
In  the  past,  pro tect ing  ra dio log i cal  sources  and
fa cil i ties  was  an  im por tant  pri or ity  world wide.  Yet,
sev eral  ra dio log i cal  ac ci dents  still  hap pened,  and  be -
came un for tu nate di sas ters. For ex am ple, an ex plo sion 
caused the Chernobyl nu  clear power plant ac  ci  dent in
Ukraine in 1986 and an earth  quake trig  gered the
Fukushima Daiichi nu clear power plant ac ci dent in Ja -
pan in 2011. The In ter na tional Nu clear and Ra dio log i -
cal Event Scale [1] shows that these two ra  dio  log  i  cal
di  sas  ters reached the worst con  di  tion and that many
coun  tries and ci  vil  ians were ex  posed to the wide  -
spread ra dio log i cal ma te ri als. The eco log i cal en vi ron -
ment was con  tam  i  nated and there were eco  nomic
losses of tens of bil  lions of dol  lars.
In or der to de crease the im pact of ra  dio  log  i  cal di  -
sas ters,  di sas ter  man age ment  has  be come  im por tant.
Many re  search  ers [2-4] point out that the use of in  for  -
ma  tion tech  nol  ogy is a good so  lu  tion to lessen the like  -
li hood  of  ra dio log i cal  di sas ters,  pro vide  emer gency  as -
sis tance  dur ing  ra dio log i cal  di sas ters,  and  re turn
ra dio log i cal di sas ter sites to their orig i nal sta tus. There -
fore,  nu mer ous  in for ma tion  sys tems  have  been  con -
structed to ef fec tively man age and mon i tor ra dio log i cal
ac  tiv  i  ties, such as RODOS in the Eu  ro  pean Com  mu  -
nity, SPEEDI in Ja pan, and AtomCARE in Ko rea [5]. If
ra dio log i cal  di sas ters  oc cur,  these  in for ma tion  sys tems
quickly of fer di sas ter  in for ma tion  to gov ern ment agen -
cies and di  sas  ter man  ag  ers [2, 6].
More over, re gard less of whether ra dio log i cal di -
sas ters are caused by nat u ral or hu man-made events, a
speedy di  sas  ter re  sponse is nec  es  sary. For such re  -
sponse,  sev eral  in for ma tion  tech niques  have  be come
pop u lar,  i.  e. global po  si  tion  ing sys  tem (GPS), geo  -
graph ical in for ma tion sys tem (GIS), com puter sim u la -
tion, and three-di men sional (3-D) graphics [2]. Ow ing 
to  the  in for ma tion  tech niques,  di sas ter  man ag ers  al -
though  in  re sponse  cen ters,  ac cu rately  com pre hend
the prog  ress of di  sas  ter re  sponse in real time. How  -
ever, re  lief work  ers have dif  fi  culty ap  ply  ing the same
in for ma tion  tech niques  on  di sas ter  sites.  Such  a  sit u a -
tion in flu ences the co op er a tion be tween di sas ter man -
ag ers and re lief work ers. There fore, this study fo cuses
on the rec  og  nized prob  lems that hin  der re  lief work  ers
from re  lief work, es  pe  cially for es  cap  ing vic  tims and
in spect ing  ra dio log i cal  dose.
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*  Cor re spond ing au thor;  e-mail:  twmktsai@ms95.url.com.twIn the re main ing parts of this ar ti cle we pres ent lit -
er a ture  re view  of  the  com mon  in for ma tion  tech niques
used  in  ra dio log i cal  di sas ters,  we  study  prob lems  that
af  fect re  lief work on di  sas  ter sites and pro  pose an ap  -
proach, im ple  men ta  tion and test  ing. Af  ter that we pres -
ent a num  ber of dis  cus  sions and sum  ma  rize the find  -
ings. Over all, this study is a help ful ref er ence for sim i lar 
ap pli ca tions  in  di sas ter  man age ment.
LIT ER A TURE  RE VIEW
Many  in for ma tion  tech niques  help  re lief  work
as so ci ated  with  ra dio log i cal  di sas ters,  as  GPS,  GIS,
com puter  sim u la tion,  and  3-D  graphics.
GPS and GIS
For many di  sas  ters, re  lief work is most ef  fec  tive
in the first 48 hours [3, 7, 8]. When di  sas  ter man  ag  ers
com pletely  un der stand  the  cor re lated  in for ma tion  re -
gard ing ra dio log i cal di sas ter sites and the af fected ar eas 
(e. g.,  pop u la tion,  shel ters,  hos pi tals,  spa tial  lo ca tions),
they are able to rap  idly draft re  sponse strat  e  gies (e. g.,
al lo cat ing  first-aid  re sources  and  es tab lish ing  tem po -
rary med i cal cen ters). In con trast to ei ther tex tual or nu -
mer i cal  in for ma tion  de scrip tions,  dis play ing  the  an tic i -
pated in  for  ma  tion through a clear method en  hances
re  lief work [6, 9]. The in  te  gra  tion of GPS and GIS
meets such a re  quire  ment, since GPS iden  ti  fies the ac  -
cu rate  lo cal i ties  of  ra dio log i cal  di sas ters  and  GIS  pro -
vides a wide range of in  for  ma  tion ac  qui  si  tion [4].
A num  ber of stud  ies re  ported the ef  fec  tive  ness
when us ing GPS and GIS in ra dio log i cal di sas ters. For
ex am ple, Battista [10] showed a GIS-based model that 
was use ful to as sess the health and en vi ron men tal risks 
re  sult  ing from the Chernobyl ac  ci  dent. In or  der to as  -
sist  di sas ter  man ag ers  against  ra dio log i cal  di sas ters,
Han et al. [11] es tab lished a near range model to eval u -
ate ra dio log i cal dose and pre sented the re sults on GIS.
Mabit and Ber nard [12] high lighted the po ten tial when 
in  te  grat  ing geostatistics and variography to es  tab  lish
and map the pat  tern of 137Cs  re dis tri bu tion.  The  In sti -
tute for In  for  ma  tion De  sign Ja  pan [13] con  structed a
Web- and GIS-based in  for  ma  tion sys  tem (i. e., Ja  pan
Ra di a tion Map) to pro vide con sis tent and com pre hen -
sive in for ma tion rep re sen ta tion re gard ing ra dio log i cal 
mea sure ments.
Com puter  sim u la tion
and 3-D graphics
De pend ing on dis tance and time, the dis tri bu tions
of  ra dio log i cal  dose  on  di sas ter  sites  are  dif fer ent.  For
ex am ple,  tri pling  the  dis tance  from  the  ra dio log i cal
source re  duces the dose rate to one ninth [14]. Di  sas  ter
man ag ers could as sess the on-site ra dio log i cal sit u a tion
via mon  i  tor  ing data, and make emer  gency health pro  -
tec tion de ci sions. When the mon i tor ing data is sparse or 
the mea sured quan tity  is in ap pro pri ate,  us ing com puter
sim u la tion (e. g.,  model pre dic tions  and sta tis ti cal anal -
y sis)  is  an  al ter na tive  to  im prove  the  un der stand ing  of
the lim ited mon i tor ing re sults [15-17]. More over, in or -
der to as  sist di  sas  ter man  ag  ers to com  pre  hend the ob  -
tained  di sas ter  in for ma tion,  vi su al iz ing  anal y sis  re sults
through 3-D graphics have fre  quently been used, such
as hue and sat  u  ra  tion of color, al  ter  ations in fo  cus and
res o lu tion, bro ken lines, sharp ness of pat tern, and over -
lay ing  ge om e tries  [18].
Some ex  am  ples are as fol  lows: In the early phase
of  an  ac ci den tal  re lease  of  ra dio ac tiv ity  to  at mo sphere,
Haywood [4] pro posed an ap proach to as sess the im pre -
ci sion as so ci ated with ra dio log i cal dose and emer gency 
coun ter mea sure pre dic tions. Na et al. [19] adopted ar ti -
fi cial  neu ral  net work-based  al go rithms  to  an a lyze  the
ma  jor se  vere nu  clear power plant ac  ci  dents, and con  -
cluded there were two main causes (i. e.,  in ap pro pri ate
power plant op  er  a  tors and in  ac  tive power plant safety).
Based on a radioecological soft  ware pack  age, Velasco
et al., [20] ex  plored the be  hav  ior of radionuclides in
semi-nat u ral  en vi ron ments  and  as sessed  the  con se -
quences of ex  po  sure for the pop  u  la  tion. De Almeida
Silva et al., [21] used agent-based sys  tems to sim  u  late
ra dio log i cal  ac ci dents,  and  to  eval u ate  the  con se -
quences  of  ac ci dent  con tam i na tions. 
STUDY PROB  LEMS
Based on the lit  er  a  ture re  view, fig. 1 il  lus  trates
the  co-op er a tion  be tween  di sas ter  man ag ers  and  re lief
work ers dur ing ra dio log i cal di sas ters. While aim ing at 
di sas ter sites via GPS, di sas ter man ag ers use GIS to in -
ves ti gate  nec es sary  in for ma tion,  ex e cute  com puter
sim u la tion  to  eval u ate  ra dio log i cal  dose,  and  ap ply
3-D graphics to show the anal y sis re sults. In the mean -
time, re  lief work  ers pre  pare re  lief work and move to
di  sas  ter sites. Since re  lief work  ers de  ploy to var  i  ous
af fected ar eas and re lay the col lected di sas ter in for ma -
tion,  di sas ter  man ag ers  com pre hend the sta tus re gard -
ing re  lief work.
How  ever, this study rec  og  nizes two main prob  -
lems.
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Fig ure  1.  Co-op er a tion  be tween  di sas ter  man ag ers  and
re lief  work ersIn suf fi cient  in for ma tion
ser  vice in GPS and GIS
In or  der to suc  cess  fully ar  rive at di  sas  ter sites,
re lief  work ers  ben e fit  from  the  in te gra tion  of  geo -
graph ical  in for ma tion,  elec tronic  maps,  and  mo bile
de vices [2]. For ex am ple, when re lief work ers at tempt
to un  der  stand the path  ways from their lo  ca  tions to di  -
sas ter  sites,  they  could  im me di ately  ob tain  as sis tance
through route plan ning in Google maps. How ever, be -
cause of some causes (e. g., bad vis i bil ity at night, am -
big u ous  geo graph ical  in for ma tion  in  de vel op ing
coun  tries), re  lief work  ers still spend much time look  -
ing for the cor rect path ways [3]. For in stance, if ra dio -
log i cal  di sas ters  as so ci ate  with  na ture  di sas ters  (e.  g.,
earth  quakes and tsu  na  mis), the ap  pear  ance in the real
world may dif  fer from the ob  tained geo  graph  ical in  -
for ma tion.
More over,  some  GIS-based  ap pli ca tions  merely
show 2-D/3-D ob  jects in  stead of the de  tails (e. g.,
floor-plan and struc  tural de  sign  ing draw  ings); and
some GPS-based ap  pli  ca  tions work well only in out  -
door en vi ron ments [22]. There  fore, when re lief work -
ers evac  u  ate vic  tims from some con  struc  tions (e. g.,
mul ti story  build ings  and  large-area  con struc tions),
they have dif  fi  culty in iden  ti  fy  ing the in  door shel  ters.
In other words, al  though re  lief work  ers suc  cess  fully
ar rive at a tar geted con struc tion on a di sas ter site, they
still waste time seek  ing the shel  ters and vic  tims. For
ex  am  ple, if a school has three un  der  ground shel  ters,
re lief  work ers  can not eas ily un der stand the  cor rect lo -
ca  tions of the shel ters through Google maps and GPS.
Ob vi ously,  in suf fi cient  in for ma tion  ser vice  for  re lief
work ers  needs  im prove ment.
In con ve nient  in for ma tion
op er a tion  in  com puter  sim u la tion
and 3-D graphics
Ra dio log i cal  ma te ri als  would  be  ad sorbed  onto
con struc tion  com po nents  (e.  g., roofs, win  dows,
walls).  The  semi-col lapsed  con struc tion  com po nents
also pro  vide crev  ices for the per  me  ation of
radionuclides [23]. Di  sas  ter man  ag  ers may ask re  lief
work ers  to  val i date  the  as sess ment  of  ra dio log i cal
dose,  par tic u larly  in  densely-pop u lated  cit ies.  Re -
cently,  var i ous  mon i tor ing  sen sors  (e.  g.,  seis mom e -
ters and sur  veil lance fa cil  i  ties) were in  stalled in many
con struc tions. Through the in te gra tion of the mon i tor -
ing sen  sors and com  puter-aided-de  sign (CAD)-based
ap pli ca tions,  di sas ter  man ag ers  can  com pre hend  the
ex  tent of dam  age for con  struc  tions, since the de  tected
dam  age is dis  played on struc  tural de  sign draw  ings. 
How  ever, re  lief work  ers can  not move rap  idly to
the  spec i fied  spots  to  in spect  the  ra dio log i cal  dose.
Since many CAD-based ap  pli  ca  tions are de  signed for
com put ers and laptops [24], re lief work ers ei ther have
no de  vices to ac  cess struc  tural de  sign draw  ings, or
may be un  fa  mil  iar with the CAD-based ap  pli  ca  tions.
As a re  sult, re  lief work  ers need to wait for in  spec  tion
guid ance  from  di sas ter  man ag ers.  For  ex am ple,  if  ra -
dio  log  i  cal sources are ex  posed to an open en  vi  ron  -
ment  that  is  sim i lar  to  the  ra dio log i cal  di sas ter  in
Goiania, Brazil, in 1987, the ra  dio  log  i  cal dose in  jures
nu mer ous peo ple. For de con tam i na tion, di sas ter man -
ag  ers have to in  form re  lief work  ers of the in  spec  tion
spots  by  de liv er ing  the  struc tural  de sign ing  draw ings
that are cap tured from the CAD-based ap pli ca tions. In
other words, re  lief work  ers meet in  con  ve  nient in  for  -
ma tion  op er a tion  on  di sas ter  sites.
In  sum,  of fer ing  suf fi cient  in for ma tion  ser vice
and  con ve nient  in for ma tion  op er a tion  would
smoothen on-site re  lief work and en  hance the co  op  er  -
a tion  be tween  di sas ter  man ag ers  and  re lief  work ers.
AP PROACH
For the rec  og  nized prob  lems, this study pro  -
poses an ap proach and con structs a mo bile re lief work
sys  tem that con  sists of two in  for  ma  tion tech  niques.
This sys  tem would work on mo  bile phones, since
power sup  ply has al  ways been a con  straint on di  sas  ter
sites [25]. In con trast to com put ers and laptops, mo bile 
phones are con  ve  nient, slim, handy, and have
low-power con  sump  tion, since re  lief work  ers may
have brought nu  mer  ous fa  cil  i  ties for re  lief work. Re  -
lief work ers could eas ily cap ture, ma nip u late, an a lyze, 
and ac  cess data on di  sas  ter sites. The two adopted in  -
for ma tion  tech niques  in clude,  augmented-re al ity  and
mo  bile 3-D graphics.
Aug mented-re al ity
Col lect ing  in for ma tion  on  the  char ac ter is tics  of
build  ings and life  lines through full ground sur  veys
can be very costly and time-con sum ing [2]. In or der to
of fer clear in for ma tion de scrip tions based on the lo ca -
tions of re  lief work  ers, aug  mented-re  al  ity (AR) is a
use  ful so  lu  tion [26]. For an AR-based ap  pli  ca  tion in
this study, eq. 1 shows the al  go  rithm and op  er  a  tional
phi los o phy
Result  of i j j AR D P P O l m n =[ ( , ), ( , , )] K (1)
where  Pi  is the cur rent global po si tion of the user (e. g.,
lon gi tude and lat i tude), Pj – the cor rect global po si tion
of a tar geted con struc tion, D(Pi, Pj) – the dis tance from 
Pi to Pj, and Oj(l, m, n…) – the de  tails of the con  struc  -
tion (e. g., name, de  scrip  tion, photo).
In fig. 2, if re  lief work  ers want to com  pre  hend
nearby  con struc tions  (e.  g.,  D(Pi,  Pj) is 1 ki  lo  me  ter),
they use the GPS em  bed  ded in their mo  bile phones to
de ter mi nate  their  lo ca tions  (i.  e.,  Pi).  Af ter  re ceiv ing
the po si tion ing in for ma tion, the AR-based ap pli ca tion 
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the cor re lated in for ma tion from da ta bases i. e., Oj(l, m, 
n…),  and  gen er ates  var i ous  vi sual  im ages.  The
AR-based ap pli ca tion then cap tures the pe riph eral im -
ages through the cam  eras em  bed  ded in the mo  bile
phones. When the AR-based ap  pli  ca  tion over  laps the
gen  er  ated im  ages and the cap  tured im  ages, the re  lief
work ers  un der stand  the  spa tial  re la tion ship  be tween
their lo  ca  tions and the nearby con  struc  tions, even at
night or in poor weather. In  suf  fi  cient in  for  ma  tion ser  -
vice would ob  tain sup  ple  ments.
Mo  bile 3-D graphics
In  or der  to  of fer  a  re al is tic  way  of  vi su al iz ing  the
real world, along with the po ten tial for di rect user in ter -
ac tion  and  en gage ment,  the  ap pli ca tion  of  mo bile  3-D
graphics is ap  pro  pri  ate [27-29]. Due to the rapid de  vel  -
op  ment of hard  ware and soft  ware for mo  bile phones,
var  i  ous con  straints on mo  bile 3-D graphics (e. g., data
pro  cess  ing units and pro  gram  ming stan  dards) are im  -
proved [30]. Un  like nu  mer  ous fields (e. g., ur  ban man  -
age ment  and  prod uct  man u fac tur ing),  a  few  mo bile
3-D-graphics-based  ap pli ca tions  are  used  in  ra dio log i -
cal di  sas  ters. When the mo  bile re  lief work sys  tem sup  -
ports the mo  bile 3-D graphics, re  lief work  ers would
have  many  op por tu ni ties  to  ex e cute  com puter  sim u la -
tion and 3-D graphics dur  ing re  lief work on di  sas  ter
sites.
If re lief work ers en ter con struc tions, eq. 2 shows 
that the mo  bile re  lief work sys  tem can trans  fer
CAD-based struc  tural de  sign draw  ings into 3-D
graphics ob  jects.
Re  sult of a 3-D graphics ob  ject =
= [Oi(ver tex,  el e ment,  ren der)] (2)
where  Oi is a 3-D graphics ob  ject for a tar  geted con  -
struc  tion, ver  tex, el  e  ment, and ren  der are the pa  ram  e  -
ters for Oi, ver tex in volves ge om e try, tex ture, ro ta tion,
and de  gree data, el  e  ment in  cludes point, line, curve,
and sur face data, and ren der in di cates bevel, color, ma -
te  rial, and shadow data. More im  por  tantly, in or  der to
avoid that GPS may not work well at in  door en  vi  ron  -
ments,  based  on  ac cel er om e ter  sen sors  em bed ded  in
mo  bile phones, the mo  bile re  lief work sys  tem can au  -
to  mat  i  cally ro  tate 3-D graphics ob  jects (eq. 3) while
re lief work ers are mov ing. Such in te gra tion can ap pro -
pri ately dis play the in door lay outs of var i ous con struc -
tions. 
 Ro  ta  tion of a 3-D graphics ob  ject = [O'i (an gle)] (3)
where  O'j is a ro  tated 3-D graphics ob  ject, and an gle –
the ori  en  ta  tion dif  fer  ence be  tween the north in the
Earth and the tar  geted con  struc  tion. There  fore, re  lief
work ers  ef fec tively  ac cess  and  op er ate  3-D  graphics
ob  jects through the ges  ture and the touch-en  abled
screens em  bed  ded in mo  bile phones [31]. In  con  ve  -
nient  in for ma tion  op er a tion  would  be  im proved. 
IM PLE MEN TA TION
When re  lief work  ers use the mo  bile re  lief work
sys  tem,  the  sys  tem  frame  work  (fig.  3)  shows  that
the  in for ma tion  flowchart  be tween  di sas ter  sites  and
re sponse  cen ters  in cludes  two  in for ma tion  ac tiv i ties
(i. e.,  in for ma tion  ac cess  and  in for ma tion  man age -
ment).  In  the  mean time,  in for ma tion  com mu ni ca tion
con nects  the  two  in for ma tion  ac tiv i ties.  Since  the  mo -
bile re  lief work sys  tem works on the Google An  -
droid-based plat  form and the re  mote serv  ers are the
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Fig ure  2.  Op er a tional  phi los o phy  of  AR
Fig  ure 3. Frame  work of
the pro  posed ap  proachMicrosoft Win  dows Server and SQL Server, with the
nec  es  sary sys  tem com  po  nents, this study uses the
Google  An droid  de vel op ment  toolkits  (e.  g., de  sign  -
ing  user  in ter faces,  cod ing  global  po si tion ing  mod -
ules,  and  con fig ur ing  in for ma tion  rep re sen ta tion  via
Java pro  gram  ming lan  guage) [32] and Microsoft
ASP.NET toolkits (e. g.,  com pil ing  com mu ni ca tion
pro to cols,  an a lyz ing  data  at trib utes,  and  syn chro niz -
ing mul  ti  ple da  ta  bases via Vi  sual C#.NET pro  gram  -
ming lan  guage) [33].
For in  for  ma  tion ac  cess, fig. 3 in  di  cates that the
mo  bile re  lief work sys  tem pres  ents the spec  i  fied geo  -
graph ical in for ma tion on a Google maps-based user in -
ter  face, and of  fers two sys  tem func  tions (i. e.,
AR-based  out door  il lus tra tor  and  mo bile  3-D-graphics
in door  il lus tra tor).  Dur ing  re lief  work  on  di sas ter  sites,
fig. 4 shows that the AR-based out  door il  lus  tra  tor as  -
sists re  lief work  ers to ar  rive at the tar  geted con  struc  -
tions. For in  stance, re  lief work  ers would move to a
10-floor  build ing.  Af ter  iden ti fy ing  the  cur rent  global
po si tion,  the  AR-based  out door  il lus tra tor  dis plays  the
dis tance, path way and di rec tion from the lo ca tion to the
tar  geted con  struc  tion (fig. 4). Based on the guid  ance,
re  lief work  ers could ar  rive at the 10-floor build  ing.
Since  the  in for ma tion  rep re sen ta tion  is  com bined  with
the pe  riph  ery im  ages, the re  lief work  ers may not be
con  fused by the nearby en  vi  ron  ment.
More over, when re lief work ers ar rive at the tar -
geted con  struc  tions, fig. 5 shows that the mo  bile
3-D-graphics in door il lus tra tor helps to find the shel -
ters where vic tims ex ist or the in spec tion spots where
ra dio log i cal dose reaches the state of alert. For ex am -
ple, in a hos pi tal (fig. 5), the mo bile 3-D-graphics in  -
door  il lus tra tor  pres ents  the  struc tural  de sign  draw -
ings and in  tro  duces var  i  ous floors. If re  lief work  ers
se  lect a floor, they could zoom-in/out the floor-plan
draw  ing to con  firm the path  way from their lo  ca  tions
to the an  tic  i  pated places. By con  sid  er  ing that fre  -
quent  in for ma tion  com mu ni ca tion  may  over load
with the mo  bile re  lief work sys  tem, this study em  -
beds a mo bile da ta base (i. e., SQLite-based da ta base)
to store tem  po  rary data.
Be  cause of the rapid changes on di  sas  ter sites,
the re  mote serv  ers trans  fer var  i  ous data to the mo  bile
re lief  work  sys tem,  in clud ing  spa tial,  nu mer i cal,  im -
ag ery,  and  tex tual  data.  There fore,  in for ma tion  man -
age  ment would rely on the re  mote serv  ers. For ex  am  -
ple, in the re  mote da  ta  bases, this study saves spa  tial
data that iden  ti  fies the global po  si  tion of nu  mer  ous
con  struc  tions, 3-D graphics ob  jects that dis  play the
struc  tural de  sign and floor-plan draw  ings of the con  -
struc tions,  and  tex tual  in for ma tion  de scrip tions  that
ex  plain the path  ways from the con  struc  tions to the
shel ters.  Re lief  work ers  could  cor rectly  evac u ate  vic -
tims when uti  liz  ing the spa  tial data, im  ag  ery data, and
tex  tual data from the re  mote serv  ers.
In or  der to en  sure that the re  quired data could
be ex  changed among a num  ber of in  for  ma  tion sys  -
tems and mon  i  tor  ing sen  sors, the re  mote serv  ers
sup port  some  in for ma tion  stan dards.  These  stan -
dards in  volve the GeoAPI for ma  nip  u  lat  ing geo  -
graph ical  in for ma tion  based  on  the  in ter na tional
stan  dards, the web pro  cess  ing ser  vice (WPS) for
stan dard iz ing  geospatial  pro cess ing  ser vices,  the
key  hole markup lan  guage (KML) for ex  press  ing
geo graph ical  an no ta tions  and  vi su al iza tion,  and  the
OpenGL ES for dis  play  ing 3-D graphics on mo  bile
phones [34, 35].
TEST ING
Six re  lief work  ers, who were clas  si  fied into two
groups, par  tic  i  pated in this study. For the two groups,
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Fig  ure 4. Screenshot for AR-based out  door il  lus  tra  tor
Fig  ure 5. Screenshot for mo  bile 3-D-graphics
in door  il lus tra torthe iden  ti  cal mo  bile phones (i. e., HTC Sen  sa tion XE)
were used in the tests. The op  er  a  tion sys  tem of HTC
Sen  sa  tion XE was Google An  droid Ver  sion 4.0. Also,
be  cause of the em bed  ded graphic pro  cess ing unit, and
global po si tion ing and ac cel er om e ter sen sors, the mo -
bile re  lief work sys  tem worked well on this mo  bile
phone.  Dur ing  a  sim u lated  sce nario,  the  ra dio log i cal
di sas ter was de fined as a se ri ous ac ci dent – namely, ra -
dio  log  i  cal ma  te  ri  als were widely spread in the at  mo  -
sphere and some ci vil ians were dead. The re lief work -
ers needed to evac  u  ate vic  tims from three
con  struc  tions, in  clud  ing a hos  pi  tal, a school, and a
10-floor build  ing. The shel  ters were in dif  fer  ent lo  ca  -
tions of the three con struc tions. The shel ter of the hos -
pi  tal ex  isted on the south side of the sec  ond un  der  -
ground floor; that of the school was in the north-side of 
the first un  der  ground floor; and that of the 10-floor
build ing was lo cated on the east side of the sixth floor.
The  op er a tional  in for ma tion  sys tems  for  re lief
work were Google maps-based sys tem (fig. 6) and mo -
bile re  lief work sys  tem. Rather than the mo  bile re  lief
work sys  tem, the re  lief work  ers per  formed the tests
through route plan ning in Google maps. In or der to un -
der  stand the dif  fer  ence when re  lief work was pro  -
cessed dur  ing dif  fer  ent pe  ri  ods, this study per  formed
the tests in day  time and at night, and mea  sured the us  -
ing time based on two stages. In one stage (Out  door),
the re  lief work  ers moved from a spec  i  fied lo  ca  tion to
the tar geted con struc tions; the other (In door) was from 
when the re  lief work  ers ar  rived at the con  struc  tions
un  til they suc  cess  fully found the shel  ters. 
Ta ble 1 shows that the two groups com pleted the
tests. Ac  cord  ing to the test  ing re  sults, for the Google
Maps-based sys  tem in day  time, re  lief work  ers spent
25, 31, and 29 min  utes in ar  riv  ing at each of the three
con struc tions.  When  en ter ing  the  con struc tions,  the
re  lief work  ers needed 12, 18, and 17 min  utes, re  spec  -
tively, to find the shel ters. In the same tests at night, al -
though the re lief work ers spent more time (31, 38, and
33 min  utes) to ar  rive at the con  struc  tions, the time
needed to seek the shel ters was less 9, 14, and 17 min  -
utes,  re spec tively.  Re gard ing  the  mo bile  re lief  work
sys  tem in day  time, the re  lief work  ers used 19, 24, and
21 min  utes when ar  riv  ing at the con  struc  tions, and re  -
quired 7, 16, and 14 min  utes, re  spec  tively, when
seek  ing the shel  ters. At night, the re  lief work  ers also
needed more time (24, 28, and 23 min  utes) to move to
the con  struc  tions, and spent less time (6, 12, and 14
min  utes) look  ing for the shel  ters.
By com par ing the two sys tems, this study rec og -
nized that three vari  ables af  fected the test  ing re  sults –
test ing  en vi ron ment,  test ing  pe riod,  and  ex pe ri ence.
For the test  ing en  vi  ron  ment, the re  lief work  ers spent
more time in the out  door en  vi  ron  ment re  gard  less
whether day time or night, since the dis tances from the
out  door lo  ca  tions to the con  struc  tions were lon  ger
than those from the con struc tions to the shel ters. Also,
when the re  lief work  ers sought the shel  ters, the floor
ar  eas of the con  struc  tions af  fected the us  ing time. For
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Fig  ure 6. Screenshot for Google maps-based sys  tem
Ta  ble 1. Test  ing results
Google maps-based system Mobile relief work system
Mobile phone HTC sensation XE HTC sensation XE
Period Daytime Night Daytime Night
Completing tests Yes Yes Yes Yes
Using time [min] Using time [min]
Constructions (shelters) Outdoor Indoor Outdoor Indoor Outdoor Indoor Outdoor Indoor
A hospital
(2
nd underground floor) 25 12 31 9 19 7 24 6
A school
(1
st underground floor) 31 18 38 14 24 16 28 12
A 10-floor building
(6
th floor) 29 17 33 17 21 14 23 14
Average 28.3 15.7 34 13.3 21.3 12.3 25 10.7ex  am  ple, the area of the school was wider than that of
the hos  pi  tal and the 10-floor build  ing, so the re  lief
work  ers spent more time com  plet  ing the test. 
When the test  ing pe  riod was con  sid  ered, the re  -
lief work  ers needed more time at night than in day  -
time. How  ever, the test  ing pe  riod merely in  flu  enced
the out  door test  ing en  vi  ron  ment. In other words, the
re lief work ers used more time dur ing the out door tests
at night be  cause they had bad vis  i  bil  ity. Fur  ther  more,
the ex pe ri ence de creased the us ing time for re lief work 
in the in door en vi ron ment. Since the tests at night were 
the sec  ond test  ing, the re  lief work  ers might fin  ish the
tests based on their pre vi ous mem o ries. There fore, fre -
quent  train  ing of re  lief work  ers is im  por  tant for re  lief
work. In av  er  age, the ef  fi  ciency of the mo  bile re  lief
work sys  tem was better than that of the Google
maps-based sys  tem. 
DIS CUS SION
Af ter the test ing, this study dis cussed the ad van -
tages and lim i ta tions of the mo bile re lief work sys tem,
in clud ing the on-site in for ma tion re quire ments and the 
mobility for re  lief work.
Ful fill ing  the  on-site
in for ma tion  re quire ments
  This  study  in te grates  var i ous  in for ma tion  tech -
niques and stan dards in the pro posed ap proach. Re  lief
work ers could use the mo bile re lief work sys tem to ac -
cess the nec  es  sary on-site in  for  ma  tion in real time.
When re  lief work  ers more clearly un  der  stand di  sas  ter
in for ma tion,  they  may  more  eas ily  re solve  nu mer ous
un ex pected  con di tions  on  di sas ter  sites.  For  ex am ple,
re lief  work ers  could  com pre hend  the  spa tial  re la tion -
ship among their lo ca tions, the tar geted con struc tions,
and  the  an tic i pated  shel ters.  There fore,  re lief  work ers
can  fo cus  on  evac u at ing  vic tims  and  as sess ing  ra dio -
log i cal  dose  in stead  of  in for ma tion  op er a tion.
Al though the da ta bases in volved in the pro posed 
ap proach have stored a great quan tity of data for re  lief
work, it is dif  fi  cult to pre  dict when and where a ra  dio  -
log i cal  di sas ter  may  oc cur.  Con tin u ously  main tain ing
the da ta bases, par tic u larly the data re gard ing ra dio log -
i cal fa cil i ties and the nearby ar eas, helps to pro vide ac -
cu rate  in for ma tion  if  a  ra dio log i cal  di sas ter  oc curs.
More  over, be  cause of some causes (e. g., on-site sta  -
tus, gov ern ment pol i cies), the mo bile 3-D-graphics in -
door  il lus tra tor  of fered  lim ited  in for ma tion  re gard ing
var i ous  con struc tions.  For  ex am ple,  the  mo bile  re lief
work sys  tem did not sup  port any ra  dio  ac  tiv  ity de  tec  -
tors. If ra  dio  log  i  cal dose dis  trib  utes un  evenly at a di  -
sas  ter site, it may be un  safe that re  lief work  ers rashly
res cue  vic tims,  who  have  no  pro tec tion  fa cil i ties,
through  any  path way  un au tho rized  by  gov ern ment
agen cies.  Over com ing  the  afore men tioned  lim i ta tion
(e.  g.,  con nect ing  to  ra dio ac tiv ity  de tec tors,  op ti miz -
ing routes) is nec es sary to in crease the ef fec tive ness of 
the mo  bile re  lief work sys  tem.
En sur ing  the  mo bil ity
for re  lief work
In con  trast to di  sas  ter man  ag  ers who are in re  -
sponse cen  ters, the mo  bil  ity is more im  por  tant for re  -
lief work  ers who are on di  sas  ter sites. Since di  sas  ter
man ag ers need re lief work ers to re port the lat est di sas -
ter in  for  ma  tion on the go, this study en  ables re  lief
work ers to per form  in for ma tion  ac cess and com mu ni -
ca tion  through  mo bile  phones.  Ac com pa ny ing  the
mo bile  re lief  work  sys tem,  the  co-op er a tion  be tween
di sas ter  man ag ers  and  re lief  work ers  is  seam less.  For
ex  am  ple, when re  lief work  ers move to spec  i  fied con  -
struc tions,  they  may  col lect  di sas ter  in for ma tion  and
re lay  the  col lected  in for ma tion  syn chro nously.  Based
on  the  re ceived  in for ma tion  from  var i ous  re lief  work -
ers,  di sas ter  man ag ers  could  make  ap pro pri ate  de ci -
sions for re  lief work.
How ever,  dur ing  ra dio log i cal  di sas ters,  mo bile
phones may fail or be out of ser  vice in ex  treme sit  u  a  -
tions. For ex am ple, in or der to dis rupt the chan nels for
in for ma tion  com mu ni ca tion,  ter ror ists  may  at tack  nu -
mer ous base sta tions. More over, since the adopted AR
tech  nique re  quires the cam  eras em  bed  ded in mo  bile
phones, power con  sump  tion would in  crease. The two
known lim  i  ta  tions may re  duce the mo  bil  ity of the mo  -
bile re  lief work sys  tem. Since this study tended to ex  -
plore the po  ten  tial when ap  ply  ing AR and mo  bile 3-D
graphics  tech niques  for  ra dio log i cal  di sas ters,  the  us -
abil ity of the mo bile re lief work sys tem still needs var -
i ous  ex per i ments.  Pro pos ing  the  cor re lated  ap -
proaches for the two lim  i  ta  tions is an im  por  tant is  sue
for this study. 
CON CLU SIONS
Re spect ing  the  fact  that  sev eral  ra dio log i cal  di -
sas  ters have oc  curred, many coun  tries spend var  i  ous
re sources on man ag ing ra dio log i cal sources and fa cil i -
ties,  such  as  es tab lish ing  mon i tor ing  equip ment  and
de vel op ing  ra dio log i cal  in for ma tion  man age ment
sys  tems. Ac  ci  dents caused by nat  u  ral and hu  -
man-made events can  not be com  pletely pre  vented,
and  ra dio log i cal  di sas ters  may  still  oc cur  sud denly.
Dur ing  ra dio log i cal  di sas ters,  ef fec tive  re lief  work
abridges the losses. How  ever, al  though nu  mer  ous in  -
for  ma  tion tech  niques are avail  able in re  lief work, this
study  rec og nizes  in suf fi cient  in for ma tion  ser vice  in
GPS and GIS  and in con ve nient  in for ma tion  op er a tion
in com  puter sim  u  la  tion and 3-D graphics.
For the two prob  lems, this study ap  plies AR and
mo  bile 3-D graphics tech  niques to con  struct a mo  bile
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mo bile  re lief  work  sys tem  of fers  in for ma tion  rep re -
sen  ta  tion more clearly, in con  trast to a Google
maps-based sys  tem. Through the pro  posed ap  proach,
re  lief work  ers eas  ily ar  rive at the tar  geted con  struc  -
tions, and rap  idly seek for the shel  ters. This study not
only en hances the ef fi ciency of re lief work on di sas  ter
sites, but also pres  ents a use  ful ref  er  ence for di  sas  ter
man  age  ment. For fu  ture re  search, in ad  di  tion to im  -
prov ing the lim i ta tions de scribed in the dis cus sion, in -
tro  duc  ing the mo  bile re  lief work sys  tem in var  i  ous di  -
sas  ter train  ing courses would as  sist re  lief work  ers to
en rich  their  ex pe ri ences  re gard ing  re lief  work.
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Ming-Kuan CAI, Nie-]ia JAU
KORI[]EWE  VIRTUELNE  STVARNOSTI  I  MOBILNIH
3-D  GRAFI^KIH  TEHNIKA  U  RADU  NA  OBNAVQAWU
LOKACIJA  RADIOLO[KIH  KATASTROFA
Mnoge dr`ave bave se strogim upravqawem i nadgledawem razli~itih radiolo{kih
izvora i postrojewa, pa ipak, u posledwim decenijama i daqe su se de{avale ozbiqne radiolo{ke
katastrofe. Kako bi se postiglo delotvornije obnavqawe na mestima akcidenata, brojne
informacione tehnike uveliko se koriste: sistem globalnog pozicionirawa (GPS), geografski
informacioni sistem (GIS), kompjuterska simulacija i 3-D grafika. U ovom radu ukazano je na
nedovoqnosti GPS i GIS informacionih servisa i nepogodnosti u ra~unarskim simulacijama i
3-D grafici. Stoga su u ovom prou~avawu usvojene tehnike virtuelne realnosti i mobilne 3-D
grafike za izgradwu mobilnog sistema obnavqawa. Sistem poma`e radnicima na ispomo}i da
savladaju prostorne odnose izme|u lokacija, ciqanih objekata i `eqenih skloni{ta. Na osnovu
rezultata testova koji se ti~u umicawa `rtava, pomo}u ovog mobilnog sistema, nasuprot sistemu
zasnovanom na mapirawu preko Gugla, radnici koji se bave sanacijom mogu lak{e sti}i do ciqanih
objekata i br`e na}i `eqena skloni{ta. Najzad, ovo prou~avawe je korisno i u sli~nim primenama
u upravqawu akcidentima.
Kqu~ne re~i: virtuelna realnost, upravqawe akcidentima, geografski informacioni sistem, 
..........................sistem globalnog pozicionirawa, radiolo{ka katastrofa, 3-D grafika